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CLINICAL MEDICINE

Rapid Onset of Severe Heat Illness:
A Ca.se Report

kiI II I Ia I O, Hollid onsvrt ot il I It Ire ali,a1811.1. it Case re'port collapse of one or thc subjcts &sflcr the second flight on
Aviiii, Spi1.ac Enironr, McJ. 1991; 62:7710 X! the laist day of hill 6-daiy participation.

Aviators flying onteended periods in hoet envlreasmento are
known to be at risk for hsilo~erlegedo illness. The risk when wer. tTI*Ing chemical Individual protective equipment JIPI Is Increaesod
eve" at relatively warm tempereturefi oad light wortrleeles. In
this paoper, we report the physlologIcol responses of an aviator
who had boon flying.a UN-IN helicopter up to 6 h/d clothed In A 32.yeair-sld Caucasian inale active duty aviator
tI LIPII on 6 consecutive days prior to ther sudden onset of heat (height 175 cm. weight 79.6 kg, Vozms 43.6
illness. Ni6 peo..a,,anco during the study was normal, end no ml - mini I* kg if stafioned aet the Army Aviation Cen-
itealr physiological derangements were noted prier to his symp. otRce.A.vlneee sasbet1)i h
torn,. The rapid evolution ef his symptoms after voicing me com. tr otRckrn- outerda ujet()i h
plaint& provides a graphic Illustration ef the difficult predict- study mentioned above, His rotary wing flight experi-
ability and Initial contral nervous system effects of this ence was XWX h. Ile had no prior history of heal illness
condition. (syncope. exhaustion or stroke) and had normal physi-

cal findings on a thorough history and examination con-

TN (EIN 1;RA I.. efforts it) provide predictable limits of' dueted by a flighbt sturgeon immediately preceding par-
* I ~~~ln aiviator's ability to pilot an .ai,ci'af during high lcpto ntcsay

thecirmal st ress have been based onl physiological re. lie did not acclimatize beyond his usual I h daily
.ponsces it) that licat. I Ittwever. aI paiticialar iuidividual'14 physical exercise program in gym clothing. His routine
onset ot' peffrian,,t: decremntt is riot predictable from blood chemistries from the beginning of the first dayyr
it dterminai on or rectal tertpeirat re alone. Although participation in the study were: sodium 141 mgldl; po-

*hypuahydratioii is well known ito tatlsc decrements il tassium 4.3 mgidl-; chloride 103 mg/dl;. bicarbonate 3.3
perlaman c existing level ot la I rritionm may he (if- mg/dl: glucose 72 mg/dl: urca nitrogen 15,2 mg/dl: while

ticll o ases tide opratoiil cuiitins.Addtioal blood cell count 49WX cu/mm: hemoglobin 13.7 g/dil; he-
* prblertsot ealword vaiablit 01envronent matocrit 42.3%. All values were within the local hospi-probltitsof ral wold vriablitv f enironent, tal l'ihorutory's nra ags

,oak lilad . and pertorinarice i'eqirienient s make the nra ags
uaV4,rall1 probllemi of* reliably prediciii signiicant decre. I'/rvVlolaAgic IDaa (~o'10r'cihPle
meis iii im jimlividual appeal imipossible 10 ihe practie.n lgt.th uic' er tl It htila~ilt:1ild si saageaaa. Duorn lgt. h uic ertrt n yh

I )espiu ifhese limitations, aI sitidil was iiidertaken tit were recorded continuously bly an ambulatory ceetro-
ihe U.S. Army Acromedical kesearch Laboratory diii- cardiographic monitor (Hittman Medical System%. Co-
Ing thec simuncrl' 19814 to obtainl physiological, psycho- lumbia. MD). Body temperature wait obtained by a rec-
lo ical, and perfornaince d~ata oan rotary wing aviator% tal probe i Yellow Springs Instruments Inc. model 70IB.
ihnri, an taperatiolial sceniario. ii report of the entire Yellow Springs. 011) inserted to 10 cm. Body temper-

ltd s asvailable 0), Thbis paper reports [tie sudden altire andut heart ralc were recorded manually' by obser-
vailion tit S min interval% on as digital output meter (Tek-
tronix In%:. model 414. Beaiverton, OR). Cockpit

IaIm (1 ita S. limsy Aga oaacit"~Ii l~14L I I A~sils V. illr enviroinmental temperal uses--dry bulb (To), wet bulb
Ijj~4aalg I_. ('ill Miticll 1% aarcaii (hart. I isyilhicNllonaae 1.tiauh ('I~i). and globe (lie) temperatures--were determined at

~gsaaaia~i sar..aiiaiaas 5ciag, iassa% ~i~the same times using a WIlJG meter tReuler-Stokes
rvwi ato uaaac riai win% rceresvai isat liwaiii ina u' s amar I M C (anada 1.td. Wll3Ul:T. Cambridge, Ont., Canada)

Ildiesii ~laal requlsci 141: ISAANI Sewiiacaat' Ilawlaiauasasa Cen placed between the pilots' willt% at the subject'!, head
arr 1'l 1 ils !k7, Few Raucker. At, 41 Itr. 4'91 level,

.%aaaarn panrsad tstvvmr~sf V-sernc* Aspst 191 779



ACUTEiIllWI~L' 1.NESS ()NSlgI-mIrc'11E1

Net fluid b~alance wait determined hy beginning- and 3 and 4 of thc otudy. The .4 experienced no significant
Cfld-of-tCIt-dly uniform and nude body weight measure- increases in rectal temperature during any flights on
mieils on an electronic balance (Sautor model K 120. these da~i Significantly, he (unlike other Ss in the
August Sauter, Div, of Metlcr lnstrumcnis, I-lights- study) flew with all aircraft doors closed on all days
town, NJ) and by weighing all oral fluid lntink anti urine (except day 51 which increalled the level of heat buildup

output.in the cockpit hy further reducing convective heat dis.
%ipalion midg evapomratio)n.

/n~lv4Ic~lI'riicitic' &qap/P'nIRPUSULTS

The. ItIS. Arny's e.lemlical dlefenlse enlsellible II19114 CadmscIi
Cl'(sIists of a two.Iiiyer, tw-piece overgarmenit with~ hat- rih iiuh*%,Ipg
tyl rubber .,verhxmts and gloves and M-24 miask with S did not ciexctid a heart rate of 1210 hpm (mean 91
flood worn over the %tandard Nomex one-picce flight IlIl which is lcs'. than that oftent seen with even modcr-
sig, gloves., and hlmet.cl A prototype microclimate al exercise. P'eak and mean heart rales during each
cooling vest wits worn under the flight suig. TIhe enscrn- flight are shown in Trahle 1. No significant correlation
ble (without cooling ve'st) cxhihits aI co valuec ort 2,S7 wits found hetlween heart rate and cockpit temperaturc
aind arn dex oit' permecability of 0.29 (3). except during the two hottest flights without cootling,

The rates observed were consistent with previous c~ti-
Mission I'rovcol andTillit I'gc'ilt inalies of the work load ofhelicopter pilots (160 to 190

T'his study was conducted under simulated field op- W) during Ilight 49).
cratitonal conditions during the summer of' 19)44 ait High- 7*I'/,irni iri'gt*tiiit it
ralls Stagetield. Fort Rucker, AL,. During daylight Pa n enrca eprtrsadma oki
hours, the S flew a Ulf-IIl "Ifucy" helicopter. rc- Pekat inrcl crprlusndmncopt
ceived pre-mnission briefings, and performed pre- andi WI4GT for each flight during tile entire week are also
through-flight checks on the aircraft, No re-arming or dslydi rbeI ~ihstriae yIcfih
refueling tasks were perfornmed by the S. Full IPli was surgeon for maximumn rectal temperature by surety cni-
maintained during the entire period from breakfast to teria (N -2).are denoted by the symbol "T." and those
thc end of the final daily test period (approximately 12) terminated for the subject's own complaints (nausea
h). D~uring the remainder of' the time, he relaxed in a and fatigue) by the symbol -M- (N -~ 1). Completed
small field lent while wearing only open overgarments flights are noted hy the symboitl 'T. except for days 3.
over his flight suit, llreakfast and supper wcre provided 4 and 5 when the last flight at the day was determined by
as Meals-Recady-to-Eat (MM~), but midday intake wits either equipment problems 1"li') or weather ('"1.
liited to'a flavored electrolyte and glucose solution. repci-y.ersinofearctlem rtueb

Waterwas llowd adlihiam man cockpit WIIGI' yielded as correlation cocticient r
Flight profiles included low level, nap-of-the-Eiarth 0)9l3tilddatrthdyofhecncleise

(NOEi). confined area operations, instrument a r son nFi.I
proaches and other tactical situations such as reconnais-
'lanec missions. No gross performance deficits werec -1i
Found on any of thc flights during the entire week. D~aily weight changes for this subject and hi-; equip-

A microclimate air-cooling vest was used during days ment are displayed in Table 11. Hody loss is the differ-

TAIII.1, I.. KE;('At. hmmPERiAiURl. IttFA WIRAT ANtD C((X 'K't WMIIT IPIEAKMEANi
IIY t)Att. FIAGIIT NUMIE. D)URATION ANt) REASON I-1-1F.10i111it

014.Y Flight tDurauin Sie47P Rectal Temp Mtc ole ic hwitkp Wt96T
Nis, Nit. lh:m) Neaw ism VC) ttpisi's'

C 117.9/37.11 tmKw .7121 1

0 :!13 M 17.9,/3101 401.11 119141.1
2 15 WP 11120 115 gg~ 94~

I : 213 IN 4/11 5(5. ti~t0. I I 2 4
17 2 il V t./17.1 74W NeC

21:11 1 7 4/117A X1171 9 W1 I~
1; 1;5 I. -(7 10971 N",# 114_441 7

41 1 :20 1 7,1117.2 Milli 4 Wi;
2 73(1 7.0 a/97.nWN1.

1 (1:47 W 17,1/117.11 X91711 11.9111
I 1 1 97 IM72 X!VA*67f"
2 t:24 1' 17/172 f5
I 1:10 1 17,40~7.21).42~i
4 11.43 V, 97I1.f

l ilt2I' 9 VINa '2 M/t1

C (ooling VC%l inl low

78o( 4'tiawn w/ite a d I- nIti 11,010$11111 A,/#( 110 ItIe 9 ,I,,I 1,
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'Tes'ting inside GPi sinall tent -a UCkpit WBUT

COitipse indoors 4i Rectal temppersture

Fig, I. Cockpit WUGI and sub- 11:0 0l: 50 1:40 2:30 3:20 4:10
ject rectal tomporsturs by slap"lpedtm (rmn
fimei on lost study day.Elpetiefrmn

I AII I I 11 MIPAN D)AILY FItD IiALANCtE SUMMARY

Ora Urine Uniformi 12-h 24-h
Py Intikc 01IlpuI Gain B(siY Lolo Rudy Loss

No. (I.1 I1. (Lkg) (kg) lkgl
I 10 1.61.29 0.22 (1.1

7 7o1 2.14 2.iz 0(1. 1.31
I7 :11 1. .2 0.115 -.0.01 0.59'
4 11.(1.8(7 01.19 01.92 0,26

1,0 1A .26 0.31 1.07 (1. 1
M~ean V li AI 0.70 0I

ence bctwee-n suICcesive itorimig itu1di: weights, and medic then began to assist him with undressing and ter-
oriforin gain is the difference hetween morning and end- minal data collection inside an air conditioned command
of'-flight day total uiliorin weight%. D~aily irtake and out- huilding on-site.
put ot' Iluids are also showit. Within approximately 5 min. the medic urgently re-

la are shown only for the first 5 d of the test period quested medical assessment oft S. S's mask and hood
sirce the last day was terminated In the ceirly atternoon were off, and hc had tears streaming down his chcks.
andt, did riot allow I.- or 24-hi weight chtiiges and intake/ When asked what wias going on. he began to answer
outiput determinations, O.n the last day (about 7 I. S with 41 distinct stutter. S verbalized a few words about
drank .913 1. of waier, produced 01.71 1. of urine, had at "letting us down" and then stopped responding to ques4-
1,82-kg,.gain in unifoirm weight. and had a net lo~s oft lions and began staring vacantly at the walls. This ab-
1 29 kg tin body weight. normal behavior was assumed to be heal-related, and

undressing proceeded rapidly. As his upper body cloth-
Clincal llimthingt was removed. the skin on his arms and chest became
(Iio'~,Il-~ii.-.uh'mottled. A radial pulse could not be palpated, and S

S reached the medical safety ternmnation rectal tern- collapsed. Hc was unresponisive to voice or painful
pcrature of 38. %'(' a the conclusion of 'the second flight stimulation,
ori the last day, lie expressed disappoinetit that he Fortunately. the dressing area also served as the
was unable let complete the entire day. tie repeatedly emergency treatment area. and S was placed on the
asked it) continue Ilying in the atternotiand denied any treatment table while the remainder of his clothing was
recurrt-ltce ot' ltigue or nausea he had earlier in the removed. Ice packs were placed on his neck and in his ___

week. S appeared phymsilly tired. but his behaivior wits armpits and groin. Water mist was sprayed from a gar. in For
entirely appropriate, den-type device, and air was circulated over him by a &,0

Contnuation ol' the flyig daty wais denied due tot the fim. Temperature data was read and recorded several 1,A&Z !
protection oif human subjects prtoocol tin etlee. Hlis litimes during this episodle. H Wen as intravenous accesi 0
necxt hour wits spent in at small general put pose tent. still wits being establikhed. hc began to speak and move his
tt hilt ll'ii, taking a computeri/ed psychological test extremities. Within a b-mim period. he became comn-ie 3
battery as part of the study, This had been done at the pletely oriented with nurmal vital signs and physical 11t D
termination ot every h1ying day. On exiting the tent. S examination.
igitin expressed his desire tot cotinule ibving. The flight The continuing %liw wise in rectal lemnewiocure 4h-

3~~~. ata& blt 04WDit r p I



served during the flight day is illustrated in Pit. 1. as is Most clothing and equipment can be removed or at
he rapid ris tiler the psychological testing period and least opened even in flight prior to landing, Chemical

the equally rnpid fall with treatment, Physical examrina- cold paocks which activate on crushing are small enough
lion and routine laboratory values immediately aftcr re- to fit in personal flight bags during the summer months
covery were normal (sodium 141 mg/dl, potassium 4,0 or on IPlioperations, They are applied easily to areas
mng/dl. chloride 102 mg/l hicarbonate 32 mg/dl, glucose whcre arterisi tire closc to the surface tncck. armpits.
17 ng,/dl, uirea nitrogen 14.2 mg/dl, white blood cell and groin) and cool the blooid efll1ienily (10). Cantcgn

count 5100, hemoglobin 14.1 g/dI. hentaiocrit 42.61'4.l. water splashed on exposed skin can be evaporated by
('K enzyme values were, mnfortunately, not obtained, C'anning with a Jacket or shirt or exposing. him to the
Urine electrolyte analysis' revealed sodium 58 mgldl, wind or rotor downwasli (4.6). Shivering should he
potassium 45 mg/dl, and chloride 24 mg/dl with negative avoided since it raises the body temperature, so treat-
presence of myoglobin immediately ter the cpisodc. S mcnt needs to he tailored to the situation (7). This treat-
had no mcmory of events from the postflight psycho. ment regimen can be administered to any aircrew mem-
logical testing until becoming aware that he was 'heing her with active signs of heat illness, although the initial
assaulted" in the treatment room. Follow-up examinat- measures alone may he sufficient toi alleviate the con-
tions remained normal. I LI he remained on active flying dition. 'rhe bottom line is thatl all aircrew membersi need
status without scquclae. to he aware of this problem, its manifestation-;. and it%

immediate treatment il' preventive measures fail.
DISCUSSION

TIhe actual pathophysiology ot the clinical episode re- DISCLAIMERS
Mains unclear (I.?. The possibility of heat syncope cer- 'the view%, oinion%, and/or findings conlisined in ths repon aire
fainly is signiticant, although it is usually seen earlier in tho%c orlhe airth.,r hnd %hooitd not her coiriiett a .. cial tepaimcni

the ourc ofhea exosijc i les aclimtedpersns, iol the Army position. pohcv. or det'i%ion. rinle%% %4t de~inied hy
the ours of eat xposre i) les aclimaed prson, tiher officeial documtentaition.

I leat stroke did not appear to develop here. atlthougth Ititiln stthiccl% ttatticirted Ili these staffies Lftcr giving their in,
the rapid rise in rectal temnperature provides some quecs. fo.rmed villtuntars cosw lnvestiioitirs adhered to. AR 70.2s andl
lion that it miay have hecti the onset of this cotit it iot FtIS'SM 11X, Rrgtt it .tt 71)75i loll 1t%r III votiltte1 o il I t'e~ifr;h
'The los s ot' potentially confl rna tory enzyme levels Is ttiflot tiitt oiiI ii oriil/Liitf ionan I ratt namefl% its this re.

p Ort do not elritic att n oiial I)cpaottintr il (tt Arniy cndorsef'rustrating. H-eat exhaustion and hypohydration is most mterit or approval itt the products or %ervce% of these toritnt/tion%.
probable since his rectal temperature had been elevated
('or several hours beforehand, and there was ;Ili oh.
served net weight loss of' 12Xt) g during the period fRom I Armstrongu t1. Ilthhai KIW. ?4,lyk PC, Sils tOy. Kraiemer W).
breakfast to the clinical episode (about 7 h). I teit intiilcg~inv'. hlt it ehiusttoti nionlhtred: a va%c teponf

TIhe actu.al diagnosis does not matter for flying safety Aviat. Sp~ace Emnirin, Med. 19NN: 59:26.-6.
consdertios, hwevr. apidonst o sevre erlor- - Ca~rter H)i. ('jmnietmcs'er M. A tihenomnrolty of heait injuryconsieratonshoweer. apidonse of ever per'or-the predoninine ilt confusion. Milit. Med. 19149; 13 15V'

mance decrements with f'eW,' btt recognizable. carly 1. Knox FS, Nag~el 0iA. familton HFt. Otu/ahal RII. Kimllt KA
warning signs is the central focus. This aviator tried to lthyslolotiocal itmpaicti 0 wearing aircrew chemical defense pro-
convince the flight surgeon that he could fly again just teclive ensenihlcs whtte nyino the Ultf.IfI during hot weather.
minutes prior to losing consciousness. Without rectal FoIItrt Rucker, Al.; t'SAARI., 1991. Retpor Not. 91-4.

.Larkin TV '.3ittment iot' heit-reluledl dIness licittou J AM Atemperature readings and protocol restrictions, as is the 1' I 20 0
ease in real world operations, lie might have been mcd- 4. MilehclI(;W. Kimt 'S. l~dwasdsRl *l. Schro,sher MR. Sienng G.
cally cleared ito continue flying. What then'! Stotte l.W. Livlor Ill.. Microchmate cootling and the aircrew

Tfhe central nervous systetm signs S exhibited prior to chenical dceknse ensemhlc. F~ort Rucker. At.; USAARI.
19X6; Report No., 5612.collapse are typical signs of' the onset of severe heat 6, 'ouiton i. Walker RA. lelicopierCtx~tsngol'heittke victims

illness and are a key ito survival for the rest of the air- Aviat. Spiice tnviron. Med. 19147; 311:411"1.
crew (2). The inappropriate aff'ect. prcsence of speech 7 Rubenstein 1; Ileatistroke. It Kuhlenstein Fi. Federman.cds. Sci'
changes, and finally inattention or withdrawal tire rec- entific American Medicine. NY: Scientitic Amnerican. [tit
ognizablc by alert flellow airciew members. Each must 1IM9, N tntitiths V:l.,, )ubidM.MthwW

NSdyk KC. Sit% IV. lFrhtn.ewomn RI'. lbo M.athwWIli: aware of* the potential signs and must he ready to 'Variability in itake atnd dehydration In young men ifunnit a
ttnmnster control of the aircraft as necessary. In case an sintitisid ileseit wat. Aviat. Space lEnvirtin. Med. 1QN'e.
mirerew mtetnber suff'ering l'oan heal elfects has ani in. edfl2-7.
f'light physiological emergency. the whole crew mu st be 9. Thlornton K. Ill owni6A. llitienhoiam C. Fhe energy ttiendiluft
knowledgeable about effective field treatment t'or acute tIMht. pe isAva.Saetnio. e.15:i;4
heal illness, since medical flicilities may not be readily 1t,. Ahraitowtc/ M. t'd. trtment oh heat %irviie Med. [crit onto
available. I'er, 19951. !1 hI
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